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“Alex stared at Thalia until she turned and almost caught him looking at her. He glanced away 
immediately, and then she stared at him until his head began to turn toward her. She suddenly became 
engrossed in grooming her toes. But as soon as Alex looked away, her gaze returned to him. They went 
on like this for more than fifteen minutes, always with split-second timing. Finally, Alex managed to catch 
Thalia looking at him. He made the friendly eyes (…). Thalia froze, and for a second she looked into his 
eyes. Alex approached (…).” 
- Anecdotal account of the meeting of two baboons [1] (pp. 288). 
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Resumo 
A perceção de contacto ocular tem um efeito modulador em vários aspetos do 
processamento cognitivo, podendo facilitar o reconhecimento facial ou o acesso à 
memória semântica. Nesse sentido, realizaram-se duas experiências para analisar o 
efeito do contacto ocular na capacidade de nomeação de faces famosas e a sua 
variação dependentemente do tipo de tarefa. 
Na primeira experiência foi apresentado um conjunto de faces famosas 
masculinas a um grupo de participantes, com mais de 50 anos de idade, sem doença 
neurológica conhecida.. As faces foram apresentadas aleatoriamente em contacto 
ocular ou em olhar desviado e foi pedido aos participantes para realizarem uma tarefa 
de nomeação das faces. Numa segunda tarefa de controlo foi solicitado aos 
participantes para indicarem a presença ou ausência de contacto ocular, nos estímulos 
apresentados. 
Na segunda experiência, repetiram-se as tarefas de nomeação e identificação da 
direção do olhar, tendo sido acrescentadas um igual número de faces femininas aos 
estímulos e adicionada uma tarefa de descriminação de género.  
Em ambas as experiências foi encontrado um efeito facilitador do contacto ocular 
na nomeação das faces que pertenciam ao mesmo género do participante. Pelo 
contrário, na tarefa de direção do olhar (na segunda experiência) verificou-se um efeito 
facilitador do contacto ocular, mas apenas para faces do género oposto ao participante. 
Na tarefa de género, o contacto ocular conduziu a uma redução no número de acertos 
para faces do género oposto. 
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Estes resultados mostram um efeito facilitador do contacto ocular na nomeação, 
e a sua dependência de fatores como o género. A existência de um efeito facilitador do 
contacto ocular está então, dependente do tipo de tarefa (nomeação, género e 
descriminação da direção do olhar) e da interação entre a tarefa e o género 
observador/estímulo. 
Assim o efeito modulador do contacto ocular, nas diferentes atividades cognitivas 
é complexo, podendo facilitar ou interferir dependendo da tarefa e da sua interação com 
outras variáveis. O efeito facilitador, a confirmar em situações patológicas, poderá ser 
utilizado na reabilitação das dificuldades de nomeação.  
 
Palavras-chave: Contacto ocular, Recuperação de nomes próprios, Diferenças 
de género, Teoria da Mente, Envelhecimento, Viés de Próprio Género. 
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Abstract 
Awareness of eye contact has a modulatory effect on several cognitive tasks, enhancing 
facial recognition and encoding, as well as the access to semantic memory related to 
these faces. 
To analyse the effect of eye contact on proper name retrieval, and how it may 
depend upon type of task, two experiments using famous faces as stimuli were 
designed. 
In the first experiment a set of well-known public male faces was presented 
randomly in eye contact or averted gaze. Participants were asked to perform two tasks, 
one in which they had to name the presented faces and a control task in which they had 
to discriminate gaze direction. Since in this experiment all stimuli were male, a second 
experiment added an equal number of female and male faces. In this experiment a 
gender decision task was added.  
Participants were adult volunteers with fifty or more years, without known mental 
or neurological disease. 
Results from both experiments showed a facilitator effect of eye contact in 
naming faces of the same sex as the participant. In the gaze direction task of the second 
experiment, eye contact was easier to discriminate compared to averted gaze but only 
when the presented face was of the opposite sex than the participant’s. In the gender 
task, eye contact diminished accuracy but only with opposite-sex faces. 
These results show that eye contact facilitates proper name retrieval, but that this 
effect depends upon the sex of the perceiver and the perceived face. 
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The existence of a facilitation effect due to eye contact was shown to be 
dependent both of task and of the interaction of sex of the stimuli and the participant. 
The modulator effect of eye contact in different cognitive tasks seems to be 
complex, either being a facilitator or causing interference depending on type of task and 
its interaction with other variables. Its facilitator effect, if confirmed in cases of pathology, 
may be used in rehabilitation settings of proper name retrieval.  
 
Key-words: Eye contact, Proper name retrieval, Gender Differences, Own-sex 
bias, Theory-of-mind, Aging. 
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1. Introduction  
 
Awareness of gaze direction plays a crucial role in social interaction, providing clues on 
the motivational and emotional states of others. In many species gaze detection evolved 
as part of a rapid predator detection system [2]. Eyes directed at you may represent a 
direct threat from a predator, and therefore its rapid detection may be an evolutionary 
asset. In primates, information extracted from the eyes is used for more complex social 
and communicative functions [3]. Due to the evolutionary growing size of social groups 
and the complexity of social interactions in primates and particularly in humans [4], eye 
contact, may not only indicate threat, but may in fact represent, among others, 
communicative intent. The use of these cues in such functions implied the emergence of 
a dedicated neural network and changes in the hominid face and eye morphology [5]. 
The human eye is unique when compared with other primates, possessing the largest 
ratio of exposed white sclera in the eye outline [6]. This difference in ratio and 
depigmentation of the human sclera, allows for a better discrimination of gaze direction. 
Following the gaze of others may have provided crucial information for survival, allowing 
the detection of resources or threats monitored by others. 
 
1.1. Gaze direction and cueing of attention  
In social interaction, gaze direction is usually divided into two categories, either it is 
perceived as “eye contact” (alternatively named, direct gaze, mutual gaze or ocular 
contact), in which the gaze of another is interpreted as directed to the perceiver; or as 
“averted gaze”, in which it is interpreted as directed away from the perceiver and into the 
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surrounding environment. From both of these perceptions, the focus of others’ attention 
may be inferred. Orientation of attention is mainly indicated by a set of hierarchal cues, 
in which the eyes are the most important cue followed by head direction and then body 
orientation [7]. Perret et al [7], suggested that a population of cells in the superior 
temporal sulcus (STS) may be responsible for the analysis of social attention. These 
cells would be sensitive to three types of visual information: eye direction, head 
orientation and body posture. Furthermore they suggest that through inhibitory 
connections, these cues interact in a hierarchal way, eye cues inhibiting the input of 
head cues and head cues inhibiting the input of body cues. In this system the presence 
of eye cues would override head and body cues, and in its absence head cues would 
override body cues. Later studies, have suggested that direction of the eyes and body 
orientation are not exclusively hierarchal but are in fact mutually influenced [8].  
From perceiving the object of another’s attention, one can shift his own gaze –
gaze following - and also attend to it, forming a triadic relationship between the two 
viewers and the object. This type of phenomenon is called joint attention, in which the 
second viewer redirects its attention to the object that the first one is attending [2]. 
A similar but more complex situation occurs when the first and second viewers 
are aware that the other one is attending to the same object. This is called shared 
attention, in which both viewers are not only attending to the object but also monitoring 
each other’s direction of attention [2].  
Although the developmental timing of emergence of these skills is controversial, 
there have been reports of gaze following in human infants as early as three months of 
age [9]. These skills seem to be crucial for early communication, with joint attention 
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being related with language acquisition and vocabulary development [10-12]. Infants 
that more easily follow the gaze of their parents and gaze longer at the attended object, 
also show a faster vocabulary acquisition [12]. In a more natural setting, this may be 
related to a better correspondence between the object that is being looked upon and its 
word, which is also being spoken. 
The developmental, evolutionary and adaptive importance of the perception of 
gaze direction led to Baron-Cohen’s proposal of an innate module specialized in gaze 
detection – Eye Direction Detector (EDD) – which would be crucial for shared attention 
and the emergence of Theory of Mind (ToM) [13]. 
In fact, gaze direction not only indicates what others are looking at, but also 
allows one, to infer the reason why they are doing so. It plays a crucial role on ToM [2], 
which is the ability to make inferences regarding the intentionality of others, their 
thoughts and mental states [14]. Given the importance of eye contact on ToM and in 
other areas of social cognition, it is generally agreed that it should exert some 
modulation in the activation of the “social brain” network. 
 
1.2. “Social Brain” and the neural basis of gaze processing and eye contact 
The term “social brain” is used to describe a brain network which is specialized in 
processing and integrating information with social relevance, such as faces, behaviour, 
empathy and gaze [15, 16]. Several brain structures have been proposed as playing an 
important role in social cognition, such as the amygdala, ventral and medial prefrontal 
cortex (MPFC), superior temporal sulcus and gyrus (STG), fusiform gyrus (FG) and 
anterior cingulate cortex (ACC) [17]. In agreement with the social value of gaze 
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information, there is a large overlay between these structures and those involved in 
gaze processing which include the amygdala, STS, FG, MPFC and ACC, and other 
frontal regions [18]. Furthermore Nummenmaa et al [19] found an increased connectivity 
between the posterior STS and visual area V5, intraparietal sulcus (IPS), frontal eye 
fields, STG, supramarginal gyrus, and middle frontal gyrus (MFG) as well as between 
the FG and STG and MFG when viewing gaze shifts. 
Here we will focus on the effect of eye contact, or direct gaze, in the modulation 
of this network. Furthermore we will focus mainly on brain imaging data, due to its 
precise nature in relation to lesion studies. In the later the affected area is frequently not 
restricted to a specific region, making it more difficult to draw specific conclusions 
regarding the brain areas involved in certain processes.  
The areas differentially activated for eye contact or averted gaze, vary according 
to context and tasks (table 1).  
Some studies indicate a larger activation of the FG bilaterally for eye contact than 
for averted gaze [20-22]. The privileged activation of the FG for eye contact seems to 
only occur with the presentation of static faces (table 1). This may be related to the 
functional role of FG, particularly the fusiform face area (FFA), in the perception of 
invariant aspects of face and representation of identity [23-25]. Gaze direction may not 
only modulate FG activity but also its connectivity with other brain areas [22]. George et 
al [22] have shown that there is a larger correlation between activity in the FG and the 
amygdala areas for eye contact than for averted gaze. Interestingly, averted gaze also 
yielded an increased correlation between activity in the FG and the IPS, which is 
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associated with visuomotor tasks related with target selection, and shifting of spatial 
attention [22]. 
The STS and the STG are also involved in the processing of gaze direction. 
These areas are associated with the perception of biological motion [26] playing a 
central role in the perception of eye movement [19, 24, 27-29]. Single-cell recordings in 
monkeys have shown the existence of cells sensitive to gaze direction, with some cells 
selective for eye contact and others for averted gaze [7]. Furthermore Calder et al [30] 
found different neuronal populations in humans in the right anterior STS, selective for 
coding left and right gaze directions.  
It is not clear how the STS/STG areas differentially activate for direct or averted 
gaze, with some studies reporting an enhanced activation for eye contact [21, 31-37] 
and others for averted gaze [24, 38, 39]. This could be related to differences between 
the stimuli used. Generally studies with dynamic stimuli found a larger STS/STG 
activation for eye contact, and studies with static stimuli found this larger activation for 
the condition of averted gaze (table 1). In a functional magnetic resonance imaging 
(fMRI) study which used dynamic stimuli, eye contact elicited a greater activity in the 
STS, which was strongly right lateralized [34]. Participants were shown, through virtual-
reality goggles, a man who walked towards them and shifted from a neutral gaze to 
either eye contact or averted gaze. The authors suggest that this type of overtly social 
and dynamic context may elicit a larger activation in this area which is involved in 
processing social information from biological motions as shifts in eye gaze [34].  
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The differential activation for eye contact and averted gaze can also be related to 
the specific area of activation in the STS, with some studies reporting more anterior 
areas and others more posterior ones.  
Another area that has been reported as having an enhanced activation for eye 
contact in contrast with averted gaze is the MPFC [31, 36, 40], although one study 
shows the opposite - a greater activation of this area for averted gaze [21]. Nonetheless, 
the latter, also found increased MPFC activation for eye contact when compared to 
downward gaze or eyes closed. Furthermore in Conty et al [32] study, using event-
related potentials (ERP), two clusters of activity in the MPFC were found, one earlier 
response from 150 to 160 ms with a larger activation for averted gaze, and a later one at 
220 ms that showed a larger activation to eye contact relative to averted gaze. The role 
of the MPFC in processing direct and averted gaze, although distinct, may be related to 
its known role in ToM and joint attention [41], possibly reflecting the perception of 
intentional communication. The modulation of gaze in the activation of this region seems 
to only occur when the participants are instructed to attend to the eye region, and more 
frequently when dynamic stimuli are used (table 1).  
The orbitofrontal cortex (OFC) specifically has also been shown to have a larger 
activation for eye contact than for averted gaze [32, 35]. The differential activation of this 
area is also dependent of the duration of eye contact [37]. In Kuzmanovic et al. [37] 
study the increased activity of the OFC occurred in parallel with a higher perception of 
likeability of the presented faces, which increased with the duration of eye contact. 
These findings appear consistent with the role of the OFC in the perception of gaze, 
processing reward and at some extent emotion, both of which are associated with eye 
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contact. This is in agreement with the functional role of the OFC in processing reward 
value and gain probability [41] as well as emotion [42].  
A few studies have also reported the enhanced activation of the insular cortex 
(Ins) for eye contact versus averted gaze [31, 33, 43]. Those studies mimic a social 
situation, using dynamic stimuli. Interestingly Ethofer et al [33] contrasted the activation 
for direct and averted gaze when using dynamic or static stimuli, and only found a larger 
activation for eye contact in this area when using dynamic stimuli. This enhanced 
activation was specific to the conjunction of both factors (eye contact and dynamic 
stimuli) since the Ins response to averted gaze when using dynamic stimuli was in fact 
smaller than to static faces. The authors suggest that this region may serve as a 
mediator between gaze processing and cognitive control systems, reorienting attention 
accordingly to perception of eye contact [33]. These results are consistent with a meta-
analysis [44] that found a common activation likelihood between gaze perception and 
visually triggered attention in the anterior Ins.  
Other structures such as the cerebellum and the amygdala may also play a role 
in gaze perception. Dependently of context, both of these structures seem to be 
modulated, at some extent, by eye contact or averted gaze. Although the role of the 
cerebellum on eye contact is not well understood, this area has been seen to 
differentially activate for eye contact [31, 35] and to have an enhanced functional 
connectivity with the FG in an averted gaze condition [22]. This structure, usually 
associated with motor control, has also been linked by neuroanatomical and 
neuroimaging studies to cognitive functions such as language and affective regulation 
[45-47].  
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Table 1 - Differential activation of several areas for the eye contact and averted gaze 
condition in neuroimaging studies. 
Brain regions Studies Method Task Emotion Stimuli 
Eye contact      
STS/STG 
[21, 31-
37] 
PET
[21, 35]
; ERP
[32]
; 
DTI/fMRI
[33]
; 
fMRI
[31, 34, 36, 37] 
Implicit 
[21, 31, 33, 35, 
37]
; Explicit 
[31, 32, 34-
36] 
 
Neutral 
[21, 31-37] 
Happy
[31, 35] 
Angry
[35] 
Static
[21, 33]
; 
Dynamic 
[31-37] 
FG [20-22] PET
[21]
; fMRI
[20, 22] Implicit
[21, 22]
; 
Explicit
[20]
  
Neutral
[20-22]
  Static
[20-22]
 
MPFC 
[31, 32, 
36, 40] 
ERP
[32]
; fMRI
[31, 36, 
40]
 
Explicit
[31, 32, 36]
; 
Implicit
[31]
; 
Passive
[40] 
Neutral 
[31, 32, 36, 40] 
Happy
[31]
 
Static
[40]
; 
Dynamic
[31, 32, 
36]
 
OFC [32, 35] ERP
[32]
; PET
[35]
 
Explicit
[32, 35]
; 
Implicit
[35]
 
Neutral 
[32, 35] 
Angry
[35] 
Happy
[35]
 
Dynamic
[32, 35]
 
Ins 
[31, 33, 
43] 
DTI/fMRI
[33]
; 
fMRI
[31]
; PET
[43] 
Explicit 
[31, 43] 
Implicit
[31, 33]
 
Neutral 
[31, 33, 43] 
Happy
[31]
 
Static
[33]
; 
Dynamic
[31, 33, 
43] 
Cerebellum [31, 35] fMRI
[31]
; PET
[35]
 
Explicit 
[31, 35]
; 
Implicit 
[31, 35]
  
Neutral
[31]
 Angry
[35] 
Happy
[31, 35] 
 
Dynamic 
[31, 35]
 
Amygdala 
[43, 48, 
49] 
PET
[43]
; fMRI
[48, 49] Explicit 
[43]
; Implicit
 
[48, 49] 
Neutral
[43, 48, 49]
; 
Angry
[48, 49]
 
Static
[48]
; 
Dynamic
[43, 49] 
Hippocampus/ 
Parahippocampal 
gyrus 
[31, 36, 
49] 
fMRI
[31, 36, 49]
 Explicit
[31, 36]
; 
Implicit
[31, 49]
 
Neutral
[31, 36, 49]
 
Happy
[31]
 
Angry
[49]
 
 
Dynamic
[31, 36, 
49]
 
Averted gaze      
STS/STG 
[24, 38, 
39, 50] 
fMRI
[24, 38, 50]
; 
MEG/fMRI
[39]
 
Implicit
[38]
; 
Passive
[24, 39, 50] 
Neutral; 
Fear
[50]
 
Static
[24, 38, 39, 
50]
; 
MPFC [21, 32] PET
[21]
; ERP
[32]
 Explicit
[32]
; 
Implicit
[21]
  
Neutral
[32]
 
Static
[21]
; 
Dynamic
[32]
 
Amygdala 
[35, 50, 
51] 
PET
[35]
; fMRI
[50, 51] 
Explicit
[35, 51]
; 
Implicit
[35]
; 
Passive
[50]
 
Neutral
[35] 
Angry
[35] 
Happy
[35]  
Fear
[50] 
Dynamic
[35]
; 
Static
[50, 51] 
IPS 
[24, 36, 
50] 
fMRI
[24, 36, 50]
 Explicit
[36]
; 
Passive
[24, 50]
  
Neutral
[36] 
Fear
[50]
 
Static
[24, 50]
; 
Dynamic
[36]
 
 
Each area was only included if two or more studies showed an enhanced activation for eye contact or 
averted gaze. Explicit tasks refer to asking the participant to attend directly to the eye region and make a 
judgement of gaze direction. Implicit tasks do not require a direct evaluation of gaze direction and include 
such tasks as emotion discrimination, gender judgement, communicative intent or recognition. The same 
study frequently uses different tasks, types of stimuli, emotions or even methods, being marked 
accordingly. 
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The role of the amygdala in the evaluation of gaze has been more amply studied 
due to the importance of the eye region in the expression and recognition of emotions. 
The interaction between gaze direction and emotion expressed can give significant 
clues regarding the situation of the perceiver, per example the existence of a threat 
conveyed by an angry or fearful expression and the location of this threat shown by the 
direction of gaze. However, it is not clear if the activation of the amygdala is related to 
the perception of threat or if it has a more general role in gaze processing. Increased 
amygdala activation has been linked to the pairing of eye contact and anger expressions 
[48, 49] or averted gaze and fear [50] both of which resemble situations of unambiguous 
threat. Contradictorily Adams et al [52] showed a varying activation in the left amygdala 
to anger and fear as function of gaze, in which the pairings of eye contact and fear, and 
averted gaze and anger resulted in a larger activation. The authors suggested that the 
uncertainty inherent to this type of stimuli is responsible for the referred activation, 
proposing that the amygdala not only processes threat but also its ambiguity. 
Nonetheless, this area seems to have a more general role in the perception of gaze, 
being more activated in one study for neutral faces in the condition of eye contact [43] 
and in another study for averted gaze regardless of the emotion expressed [53]. The 
general role of the amygdala in gaze processing is also supported by a study in 
monkeys in which averted gaze led to the specific activation of two nucleus of the lateral 
extended amygdala, the central nucleus and the bed nucleus of the stria terminalis [54]. 
Furthermore, Spezio et al [55] have found that lesions in the human amygdala lead to a 
reduction of the time spent focusing the other’s eyes in conversations with real people. 
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These findings suggest the relevance of the amygdala not only for social situations but 
also for the maintenance of eye contact in the appropriate social context.  
The amygdala may also be related to hippocampal activity during retrieval of self-
involvement events [56]. It is possible that this is associated to the enhanced activation 
of the hippocampal complex for eye contact in contrast to averted gaze [31, 36, 49]. In a 
fMRI study using dynamic stimuli, the right hippocampus was differentially activated for 
eye contact and maximally so when the stimuli showed a figure expressing anger and 
pointing to the participant, which may be a self-relevant condition [49]. Again, all the 
studies that show that hippocampus is involved in the processing of eye contact use 
dynamic stimuli, which might show that the use of more social situations may be the key 
to trigger several areas of this network. 
Taken together the variability of brain areas activated for eye contact and averted 
gaze, and even the interchangeability in which these areas activate for either gaze 
direction, indicate the complexity of this network, and its dependency upon other 
cognitive factors as well as social context. 
1.3. Task and context modulation of eye contact 
Several models have been proposed to explain how the referred brain areas interact in 
the processing of gaze information and how they may be modulated by eye contact. 
Some authors support that gaze information, in addition to head and body orientation, 
are used for allocation of social attention [57], attributing as much importance to the 
cues given by eye contact as those given by averted gaze. Baron-Cohen [13] proposes 
that the ability to innately distinguish gaze direction and to process gaze information is 
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critical in the development of ToM, in which eye direction allows to infer mental states, 
desires and goals. In this perspective eye contact may be interpreted as a mark of 
increased intentionality towards the viewer, as well as a desire to establish 
communication. The explanation of the eye contact effect as an integral part of ToM, is 
further supported by the great overlap of brain areas recruited when analysing both 
types of information [21]. Finally the absence of a typical eye contact behaviour is 
frequently associated with communicative disorders, being one of the core symptoms in 
the diagnosis of autism [58]. Autistic children (42-87 months) seem to have a delay in 
the development of gaze processing in comparison with children of their own age, 
resembling typical 4-months-old infants in gaze processing [59].  
 Another explanation for the eye contact effect relates to its inherent arousal effect 
and subsequent activation of subcortical structures such as the amygdala. These 
structures would then activate cortical structures in a widespread manner. Eye contact 
has been found to be more arousing than averted gaze, both by subjective evaluation 
and by higher skin conductance responses [60-62]. Hietanen et al [62] further suggest 
that direct and averted gaze may be part of an approach-avoidance motivational brain 
system, in which direct and averted gaze are respectively linked to approach and 
avoidance. Notably this study only found an autonomic or motivational response when 
using live stimuli, which may mean that the presence of another person may pose a 
more exciting situation due to a rise of self-awareness. As noted before, in certain tasks, 
eye contact also has a modulator effect on the amygdala. This effect supports this 
model in which increased arousal may be linked to a larger processing of a socially 
relevant stimulus, which is expressed by the perception of eye contact. 
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Although both of these models have supporting evidence, a) one that proposes 
that the eye contact effect is an integral part of ToM using its associated brain areas, 
and b) the other that proposes that this effect is the product of an autonomic response 
relying in a widespread activation dependent of the amygdala; they are not descriptive 
enough. Both of them suggest that eye contact exerts a modulation in certain brain 
areas - in ToM related areas or in the amygdala with a following widespread activation of 
cortical brain structures - but none of them explain why these areas do not always show 
a preferential activation for eye contact.. 
 Senju et al [18] proposed the “fast-track” model, in which the eye contact effect is 
mediated by a subcortical pathway, and by a top-down modulation - involving structures 
such as the dorsolateral prefrontal cortex (dlPFC) - on the cortical brain structures 
already mentioned as part of a gaze processing and ToM network. The existence of two 
distinct pathways processing respectively low and high spatial frequency (HSF) 
sensitivities, has been described by Livingstone and Hubel [63]. The subcortical 
pathway uses low spatial frequency (LSF) information, receiving it from the 
magnocellular channels [64]. It is involved in the early processes of face perception and 
is thought to include the superior colliculus, pulvinar and the amygdala [64]. The ventral 
cortical visual stream, on the other hand, via parvocellular channels, processes high 
spatial frequency information [63]. 
In Vuilleumier et al [65] study, faces were shown in a HSF or LSF condition either 
with a neutral or fearful expression, and results indicated that FG responses were 
greater for intact or HSF stimuli than for LSF. In contrast amygdala activation was 
greater for fearful faces in intact or LSF than for HSF conditions. This subcortical 
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pathway may not be restricted to a rapid system for fear detection, but may also have a 
more general role in face processing and detection as well as in a subsequent 
modulation of cortical areas. Johnson et al [64] proposed that this route or it’s precursor 
may be responsible for newborn’s preference for faces, constituting an early face 
detector. Face recognition in newborns seems to be based on LSF information [66] 
(which can also convey gaze direction), since newborns also display a preference for 
faces with eye contact versus faces with averted gaze [67]. In agreement with the role of 
this pathway in gaze detection and with Senju et al [18] model, there is an enhanced 
connectivity between the amygdala and cortical face processing regions (FG) in eye 
contact conditions [22]. Furthermore the right amygdala seems to react to increases in 
the eye white area, independently of these being due to fear expression or to lateral 
shifts in gaze direction, while the left amygdala distinguishes between the two conditions 
[68]. In the latter study it was also shown that the left FG showed a similar response to 
the left amygdala, and the authors propose that these regions work together in 
processing eye information. Based on their data Hardee et al [68] also propose that 
information from the subcortical pathway may exert a modulatory influence on cortical 
structures during face processing. This process should occur previously or during face 
processing by the more general pathway, and may be modulated by task and context, 
by structures such as the dlPFC. Top-down attention, if concurrent with the subcortical 
pathway, may even abolish the facilitation of eye contact in several tasks, which 
indicates that this facilitation effect is dependent of the type of task [18]. In summary this 
model proposes that the facilitation that eye contact may exert in several cognitive 
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processes is mediated by the subcortical pathway in interaction with a modulation by the 
dlPFC dependent of task and context. 
As seen, even if the eye contact effect is not always present, in tasks related with 
face and emotion recognition it seems to play an important role. 
1.4. Eye contact in face processing, recognition and semantic access  
The eye region is the most analysed facial feature regardless of task (e.g. gaze 
direction, head orientation, face learning and recognition, gender and facial emotion) 
and is the one from which most information is generally extracted [69-73]. The eye 
region is already privileged in newborns as shown by Batki et al [74] study, in which 
newborns that were only a few hours old were presented with two life size female faces, 
one with the eyes closed and another with the eyes open. In this experiment, newborns 
spent significantly more time looking at the face with open eyes than at the face with  
closed eyes, which suggests an innate predilection for the eye region and the existence 
of a neural mechanism that detects eye-like stimuli. Additionally, two- to five-day-old 
newborns also privilege faces that display eye contact [67], which was further supported 
by the enhanced neural processing of eye contact in four-month-old infants as shown by 
ERP recordings [67]. This seemingly innate eye/gaze detector shows the importance 
that eye contact must have in a myriad of tasks, either face related or with social 
relevance.   
 Eye contact seems to interact with gender discrimination [75, 76], despite the lack 
of consistency in different studies. In this aspect, although Macrae et al [76] found 
shorter reaction times for gender categorization in faces with eye contact versus averted 
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gaze in frontal faces as well as in ¾ oriented faces, Vuilleumier et al [75] found no such 
effect, and even a facilitation for averted gaze in ¾ oriented faces. Approach oriented 
emotions, such as anger and joy seem to be more easily reported in neutral faces when 
displaying eye contact, opposed to avoidance oriented emotions, fear and sadness, that 
are more frequently attributed to faces with averted gaze [77]. Gaze direction is also 
related with the perception of attractiveness in faces, in which the combination of 
attractiveness and engagement in eye contact leads to the perception of increased 
desire [78] and reward value [79]. The relation between eye contact and face perception 
is not unidirectional (i.e. eye contact as a modulator of different aspects of face 
processing), since the perception of eye contact in itself is influenced by other facial 
features. Kloth et al [80] have shown that the perception of eye contact is influenced by 
facial attractiveness, expression, and gender, in which more attractive faces are more 
easily perceived as engaging in eye contact.  
 The effect of eye contact is more consistently reported in studies related with face 
encoding and retrieval. Faces with eye contact are more easily encoded and later 
recognized, which has been shown in four-month-old infants [81], children [82, 83] and 
adults [49, 83, 84]. Conty and Grèzes [49] propose that the amygdala might mediate this 
effect through para-hippocampal structures leading to a better memory consolidation. 
Being looked at, might be coded as an event with higher self-involvement, conducting to 
an improved memorization of the other’s identity. 
 Eye contact not only has an effect on encoding and recognition of a face but also 
in accessing semantic information pertaining to that face [76]. In Macrae et al [76] 
experiment, a male or female face was shown with either direct or averted gaze, 
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followed by a string of letters that should be discerned as word or a non-word. All words 
shown were associated to a male or female stereotype (e.g. for the feminine stereotype 
- flowers). The authors have found that correct interpretation of letter strings as words 
was faster when stereotypic items were preceded by targets with eye contact than by 
targets with averted gaze or closed eyes. Eye contact also seemed to facilitate face 
categorization, as male or female and the access to the related lexicon, which was 
indicated by faster responses to stereotypic than counterstereotypic items when the 
priming face had eye contact [76]. 
 If eye contact can be an effective prime in accessing semantic information 
pertaining to a category associated to the face, it is possible that it facilitates the access 
to all lexical information related to that person, which may include accessing the 
person’s name. This finding may provide a better understanding of the gaze network 
and its relation with the network related with proper name retrieval.  
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2. Aims 
 
One of the most common complaints in the elderly is the ability to evoke proper names 
[85]. This type of complaint seems to be more related with objective performance than 
other language complaints [86]. Proper names are harder to retrieve than common 
names at all ages, but have a greater age related decline [87]. The association between 
faces and names is also harder to form and to retrieve with aging, disproportionately so 
in relation to other types of information (e.g. occupation) [88]. This may hinder daily 
communication, becoming a problem for social interaction.  
Different factors are associated with proper name retrieval, such as the epoch of 
stimuli, nationality (foreign or national name) [89] but also facial expression [90], and 
therefore studying them may be important for rehabilitation purposes in some cases. 
Eye contact may be one of these factors, since as stated above, it facilitates recognition 
and encoding of faces, as well as access to semantic memory related to them. 
The possible effect of eye contact in face related tasks is highly dependent of context 
and task demands, and may be enhanced by implicit or explicit tasks or be differently 
expressed in different tasks. 
To address these questions the aims of this work were: 
1. Primary objective: 
To analyse the effect of eye contact in proper name retrieval; 
2. Secondary objectives: 
To analyse if the effect of eye contact is altered with different task demands; 
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Experimental tasks were designed to address these questions. The first experiment 
was conducted with two tasks. The aim of the first one was to elicit proper name 
retrieval and to monitor reaction time and accuracy in both conditions (eye 
contact/averted gaze). Due to the nature of this task, a set of public faces had to be 
selected controlling for the difficulty of such face-name pairs, which varies with time and 
with the population analysed. The second task was an explicit eye judgement task, 
aimed to be a control to confirm that participants perceived gaze direction as intended.  
A second experiment was conducted to explore this matter in more detail, 
overcoming some methodological limitations of the first one. A third task was added to 
the second experiment. The added task was purely perceptive, consisting in gender 
categorization using faces in averted and eye contact condition. In this experiment we 
intended to compare the eye contact effect in different tasks, and analyse how task 
demands may interact with differences in participants/stimuli gender.  
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3.  Experiment I 
3.1. Methods 
3.1.1. Participants  
Eighty-two participants were recruited from four senior universities. Participants were 
included if they were native Portuguese speakers, had more than four years of formal 
education and more than 50 years of age. Exclusion criteria included history or evidence 
of neurological or psychiatric disease, uncorrected visual impairments and a Mini-Mental 
State Examination (MMSE) [91] score below education adjusted cut-off scores (i.e. 22 
for less than 12 years of education and 27 for more than 12 years of education) [92]. 
From the initial sample, nine participants were excluded for the following reasons: 
a) two participants were excluded for lack of collaboration; b) three for history of stroke; 
c) three for traumatic brain injury and d) one for posttraumatic stress disorder. 
The seventy-three included participants were mostly female (N=63), had a mean 
age of 67.8±7.2 (ranging between 50 and 81 years), mean education of 11±3.2 years 
and an average MMSE score of 28.8 (±1.8).  
All subjects gave written informed consent prior to the experiment. The study was 
approved by Lisbon Faculty of Medicine Ethical Committee. 
3.1.2. Stimuli 
 
3.1.2.1. Selection of famous faces 
The selection of famous faces was made from a list of 100 famous people with the same 
activity (politicians), the same sex (male), nationality (Portuguese) and epoch of 
popularity (publicly commented on the last five years). The criteria behind this selection 
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was based in a previous study which revealed that epoch of popularity, nationality 
(foreign or national name), and occupation of the personality, were important factors in 
proper name retrieval of famous faces [89]. To minimize the influence of these factors, 
all personalities included in this study shared the same activity, epoch of popularity and 
a national name. Since the selected activity was politicians, only male faces were 
included due to the practical difficulty of finding an equal number of male and female 
names with the same popularity. 
This list was presented to a group of participants with more than 50 years of age 
(44 participants) who were asked to name each of the faces. 
The 40 faces more accurately named were selected (range of accuracy 44-
100%). 
3.1.2.2. Stimuli preparation 
 Images of the selected public figures were collected from newspapers and Internet (20 
faces with perceived eye contact and 20 faces with perceived averted gaze). 
Faces were preferentially selected with neutral expressions and facing forward. 
The pictures were converted to a greyscale and the backgrounds were removed. All 
pictures were adjusted to the same approximate size (18.5 cm of height). Each picture 
was replicated so that it only differed from the original in gaze direction. Gaze direction 
was digitally manipulated forming 40 pairs of stimuli (e.g. fig 1). This manipulation was 
made from the 20 faces originally with eye contact and the 20 faces originally with 
averted gaze. This was done so, to assure that these manipulations did not become a 
new confounding variable, being equally present in both conditions (eye contact and 
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averted gaze). In the condition of averted gaze, 20 faces were looking to the right, and 
20 to the left. 
 
 
 
 
 
 
 
3.1.2.3. Condition testing 
All the stimuli were presented to a group of 26 normal participants (5 male; mean age = 
21.4 ± 1.8 years; mean education= 15.5 ± 1.3 years), who were asked if they perceived 
the face as looking at them or not (eye contact and averted gaze condition respectively). 
A total of 11 faces were not perceived in accordance with the intended 
manipulation of gaze direction by more than 30% of the participants, being further 
altered or replaced. A new list of stimuli was made, composed by these faces and, in the 
case of those replaced also their pairs (16 faces). This list was presented to a new 
group of participants (9 participants; 6 males; mean age=37.8±17.1; mean 
education=16.3±1.2) who were asked to do the same task. Pictures with a percentage of 
accordance between perceived and intended condition, superior to 70% were placed in 
a final list collectively with the previous faces that already had met this criteria. This list 
was completed with new versions of the stimuli that still had less than 70% of 
accordance in both previous applications. It was again tested (33 participants; 14 male; 
Figure 1 Example of pairs of stimuli. 
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mean age = 25.9±6.2 years; mean education= 15.9±2.2 years) and a final set of 36 
images were selected, excluding those with a percentage of agreement lower than 70%. 
3.1.3. Procedure 
After informed consent was obtained, demographic data was recorded and participants 
were assessed with MMSE. 
The experiment was displayed in a computer with a 33.8 cm screen. It consisted 
in the presentation of two blocks in random order with different tasks - naming a famous 
face or an explicit judgment of gaze direction (‘Do you feel that this person is looking at 
you? Yes or No’). Each block had 18 trials which consisted in the random presentation 
of a face selected from the list of 72 stimuli (36 faces of public figures in eye contact and 
averted gaze conditions). Each face of a famous person appeared only once per 
experiment in either of the conditions. At the beginning of each task there was a practice 
block with 6 stimuli (faces of other public figures) using the same procedure as each 
block. 
All answers and reaction times were automatically registered either with a 
microphone or with a response box. The software used to conduct this experiment was 
E-prime.  
In the naming task, subjects were asked to name each face as fast as possible, 
saying “pass” whenever they did not know or could not remember the name. The faces 
appeared for 500 ms followed by a white screen in which the participants could still 
respond for a maximum time of 14500 ms. Following the response by the participant, the 
experimenter recorded an approximate reaction time using a left mouse click, 
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furthermore a right mouse click was also used by the experimenter after a response for 
a faster change of stimuli. The interstimulus was a cross appearing in the centre of the 
screen for 1000 ms (e.g. fig. 2). 
In the explicit judgment of gaze direction task, subjects were asked to press a 
button if they perceived a face as displaying eye contact, and another if they perceived it 
as displaying averted gaze. The faces appeared until a response was given for a 
maximum of 3000 ms and were followed by an interstimulus of a cross appearing in the 
centre of the screen for 1000 ms (e.g. fig. 3). At the end of both tasks the participants 
were asked to identify each of the public figures presented in the naming task, and if still 
unable to name them, to give any remembered details about them.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Explicit judgment of gaze 
direction task design 
 
Figure 2 Naming task design 
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3.1.4. Statistical Analysis 
Statistical analysis was performed, using SPSS edition 20 (Chicago, IL, USA) software. 
Results are expressed as mean±S.D. and the comparison of within-subjects 
differences, in reaction time and accuracy, between conditions (eye contact/averted 
gaze) was performed by paired samples t-tests. When this was not possible due to 
violations of the normality assumption, the non-parametric Wilcoxon test was used. 
Results were considered statistically significant when p<0.05. 
 
3.2. Results 
 
3.2.1. Naming task 
 
3.2.1.1. Accuracy 
Accuracy in the naming task refers to correctly given names for the faces presented. 
Names were considered correct if any of the names pertaining to that person were 
given. This was done since retrieval of any of the names implies access to semantic 
memory. Average response accuracy obtained in the whole sample of 73 subjects was 
56.8 ± 20.8%. To test the hypothesis that eye contact may facilitate proper name 
retrieval, all faces that were not recognized in the final task (either directly by name or by 
description) were removed from this analysis. No significant difference (t(72)=1.39; p= 
0.17) was found between the condition of eye contact (60.8±20.1%; N=73) and the 
condition of averted gaze (57.4±23.6%; N=73), in terms of accuracy. However, when the 
response was analysed by gender (given the fact that all stimuli faces were masculine), 
we found in the male sample, a marginal significant difference (Wilcoxon matched-pairs 
signed-ranks test: z =-1.9, p= 0.052), with a higher accuracy for the eye contact 
 
 
25 
 
condition (63.3±15.7%; N=10) than for the averted gaze condition (54.4±16.1%; N=10). 
This was not true in the female sample (t(62)=0.93; p= 0.36), in which accuracy in the 
eye contact condition (60.4±20.7%; N=63) did not significantly differ from the averted 
gaze condition (57.8±24.7%; N=63) [fig. 4].  
 
Figure 4 Difference in reaction time between male and female participants in the conditions of 
direct and averted gaze. n.s. – not significant. 
Both male and female sample did not differ in demographic variables or in 
general naming accuracy (table 2).  
 
 
 
p= 0.05 
n.s
. 
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Table 2 – Population general results and demographic characteristics. 
 
Men  Women   
 
Mean SD  Mean SD  p 
Age (years) 67.6 3.8  67.8 7.6  0.91 
Education (years)  11.9 2.7  10.8 3.3  0.33 
MMSE (Score)  28.6 3.1  28.8 1.5  0.75 
Naming task 
  
 
  
  
Accuracy (%)  58.9 14.6  56.5 21.8  0.66 
Reaction time(ms)  1881.8 1206.1  1740.7 935.3  0.67 
Gaze direction task 
  
 
  
  
Accuracy (%) 75.6 22.9  75.5 16.0  0.99 
Reaction time (ms) 1470.9 572.6  1346.6 372.9  0.39 
 
3.2.1.2. Reaction time 
Data for the reaction time was only included when the correct answer in the 
corresponding trial was given. Since not all answers were captured by the microphone, 
and many participants said some words or even made comments before answering (e.g. 
“Este é…” [This is]; “Eu conheço este…” [I know this one]), reaction time was extracted 
from a combination of the recorded time on the microphone and the mouse click 
performed by the experimenter. Mean difference between reaction time captured by the 
mouse click and by the microphone, was calculated removing a) all negative values, in 
which due to the threshold for sound recording, mouse click had a shorter latency; b) in 
which there was no reaction time recorded by the microphone; and c) those with a 
deviation from mean larger than 1.5 SD, which represents the cases in which 
participants started commenting the picture before giving the accurate name. The value 
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obtained was then subtracted to the reaction time of all mouse clicks, which was used in 
all further analysis. 
Reaction time for the naming task per participant (1701.1 ± 2244.2 ms; N=70) did 
not significantly differ (t(69)=-1.21; p=0.23) in the condition of eye contact 
(1648.7±1014.1 ms; N=70) from the condition of averted gaze (1873.1±1432.4 ms; 
N=70).  
 This difference was significant in the male sample (Wilcoxon matched-pairs 
signed-ranks test: z=2.19, p= 0.028), with a shorter reaction time for the eye contact 
condition (1553.9±845.3 ms; N=10) than for the averted gaze condition (2209.7±1603.3 
ms; N=10). Again, this difference was not found in the female sample (t(59)=-0.73; p= 
0.47), although reaction times in the eye contact condition (1664.5 ±1044.9 ms; N=60) 
were also shorter than in the averted gaze condition (1817.0±1408.9 ms; N=60) [fig. 5]. 
 As before male and female samples did not differ in general characteristics nor in 
general reaction times for the naming accuracy (table 2). 
 
3.2.2.  Gaze direction task 
 
3.2.2.1. Accuracy 
Accuracy in this task (75.5±16.9%; N=73) did not significantly differ (t(72)=-0.27; p= 
0.79) between the condition of eye contact (75.0±21.3%; N=73) and the condition of 
averted gaze (76.0±23.1%; N=73). 
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3.2.2.2. Reaction time 
Mean reaction time per participant excluding cases in which the accuracy was zero in 
one of the conditions (1362.4±400.5 ms; N=71) did not significantly differ (t(70)=1.82; 
p=0.07) in the condition of eye contact (1398.3±464.4 ms; N=71) from the condition of 
averted gaze (1326.4±400.5 ms; N=71).  
 
Figure 5 Difference in reaction time between male and female participants in the conditions of 
direct and averted gaze. *, p<0.05; n.s. – not significant. 
  
3.3. Limitations 
Although these results seem to indicate a general tendency of a facilitation of proper 
name retrieval due to eye contact, this effect was only found in the male sample. The 
eye contact modulation on naming famous faces seems to be dependent of other 
factors, such as gender. These results cannot be explained based in gender differences 
c) 
* 
n.s. 
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in accuracy or knowledge of the faces presented, since when compared, both genders 
performance in reaction time and accuracy are similar. 
Consistent with this results, Goodman et al. [93] study showed that face 
recognition was enhanced by eye contact in male participants, but that this effect was 
not present in females.  
Due to the use of exclusively male pictures in the present study, it does not allow 
to draw further conclusions. The small size of male sample also cannot be disregarded, 
and conclusions drawn from the above results must be taken with caution. 
 Nonetheless, these findings may be related to an interaction between the gender 
of the face used as stimuli and the perceiver. This gender specific results, associated to 
the fact that all stimuli belonged to the male gender, led us to design another 
experiment, where both genders would be present as stimuli. Our hypothesis was that 
female participants could present a similar trend for female faces. 
We find the results in the gaze direction task used as a control acceptable, in the 
sense that even with forced response in a limited time, participants perception of gaze 
direction corresponds to our intended manipulation in more than 75% of the trials. In this 
task no tendency for facilitation in the eye contact condition was found. 
Although difference in presentation times in both tasks (3000 ms to 500 ms in the 
naming and gaze direction task respectively) do not allow us to directly compare the 
expression of the eye contact effect dependently of task, we may hypothesise that this 
effect is more present in implicit tasks. The long presentation time may bias responses 
leading to less automatic choices, in which the fast factor of the eye contact may be lost. 
This was considered, especially since in the pilot studies faces digitally manipulated 
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from averted gaze to eye contact showed the least agreement between the perceived 
and intended gaze direction. With this amount of exposition time and in an explicit task, 
more attention may be directed to small imperfections related to the picture manipulation 
in itself. 
 To correct this issue, in the second experiment both tasks displayed the stimuli 
for the same amount of time (500 ms). A third task of gender judgement was added, with 
the intent of analysing interaction of task and gender of the participant/stimuli in all three 
tasks. 
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4. Experiment II 
4.1.  Methods 
 
4.1.1. Participants 
Thirty-two participants were recruited from two Senior Universities using the same 
inclusion and exclusion criteria as in Experiment I. 
From the initial sample two participants were excluded based on MMSE score 
results. The  thirty participants included were mostly female (N=20), had a mean age of 
67.6±7.2 years (ranging between 57 and 82 years), 11±3.4 years of education and an 
average MMSE score of 29.2±1.1. 
As before all subjects gave written informed consent prior to the experiment.  
4.1.2. Stimuli 
 
4.1.2.1. Selection of famous names 
An initial list of famous names was constructed, trying to select the best known male and 
female individuals to the study population. For this purpose, all Portuguese famous 
personalities from the Portuguese Famous Faces test [94] that were accurately named 
more than 70% of the time, were included (12 items; 9 males). However, since this test 
dates to 2005, it was asked to a sample of 17 normal participants with more than 50 
years of age (8 male; mean age = 65 years; mean education = 12 years) to produce the 
names of well known famous Portuguese people during two minutes (one minute to 
name male famous people and another for female). All new names given by more than 
one person were added to the initial list producing a total of 33 names (18 males). Since 
the purpose of this selection was to get a balanced list in terms of female/male stimuli 
proportion, nine famous female faces were added to the pool. The criteria for selecting 
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these extra names was that all famous people selected had to appear frequently in the 
media. In total this list included 54 names (27 male). 
4.1.2.2. Selection of famous faces 
The previous list was presented to a group of participants (20 participants; 10 male; 
mean age 65 years; mean education 12 years) who were asked to name each of the 
faces. 
Stimuli accurately named by more than 70% of the participants were initially 
selected (38 famous faces). This included 12 female names, which were matched to an 
equivalent sample of male stimuli with identical degree of difficulty (mean accuracy = 
82.9). The remaining male faces with accuracy greater than 70% were discarded. 
4.1.2.3. Stimuli preparation 
Stimuli preparation was similar to Experiment I, with exception of the size of the images, 
which were smaller (15.9 cm of height). Manipulation controls such as equally altering 
eye contact to averted gaze and averted gaze to eye contact were done for the male 
faces as well as the female ones.  
4.1.2.4. Condition testing 
All stimuli were presented to a group of 42 normal participants (22 male; mean age = 
29.8 years; mean education= 16.3), who were asked, as in Experiment I, if they 
perceived the face as looking at them or not. A total of three faces were perceived 
accordingly with the manipulation intended by less than 70% of the participants. These 
three items were corrected and retested in conjunction with the rest of the items (51 
participants; 15 male; mean age= 28.6 years; mean education= 15.9 years). All items 
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were correctly identified as in eye contact or averted gaze by more than 70% of the 
participants, and were included in the experiment.  
4.1.3. Procedure 
Procedure was similar to Experiment I, in both setup and responses recording. The only 
differences were the addition of a block with a gender discrimination task to the two 
already present (naming and gaze judgment tasks), and alterations in the timing and 
trials of these blocks. The three blocks appeared in pseudorandom order with 24 trials 
each, which consisted in the random presentation of all the faces in either eye contact or 
averted gaze. Each face of a famous person appeared three times, one per block, but 
randomly with eye contact or averted gaze. As with Experiment I, each block was 
preceded by 6 practice trials with the same procedure. Naming and gaze judgment tasks 
also had the same procedure with the exception that the latter also had each face 
appear for 500 ms followed by a white screen in which the participants still responded 
for a maximum time of 14500 ms. Procedure in the gender discrimination task was equal 
to the gaze judgment one.  
4.1.4. Statistical analysis 
As before the comparison of within-subjects differences between conditions (eye 
contact/averted gaze) was performed using paired samples t-tests and results were 
considered statistically significant when p<0.05. A logistic regression was performed to 
predict accuracy in own-sex trials as well as a linear regression to predict which factors 
would interfere in the effect of eye contact in naming. 
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4.2. Results 
 
4.2.1. Naming task 
 
4.2.1.1. Accuracy 
Naming was considered accurate following the same criteria as in Experiment I. 
Average response accuracy was 65.9 ± 19.7%. As before all faces that were not 
recognized in the final task by name or by description, were removed from further 
analysis. 
 No significant difference was found in terms of accuracy (t(29)=1.37; p= 0.18), 
when analysing general results by participant, between the condition of eye contact 
(73.5±20.6%; N=30) and of averted gaze (69.1±18.2%; N=30)..Testing the hypothesis 
that the presentation of faces with the same sex as the perceiver would elicit a more 
accurate response in the condition of eye contact, an analysis including only the trials in 
which these conditions were met was executed. The difference in accuracy between the 
eye contact condition (79.1±23.4%; N=30) and the averted gaze condition (68.8±19.9%; 
N=30) was significant (t(29)=2.42; p= 0.02) [fig. 6]. No difference was found between 
conditions when analysing only the trials in which opposite-sex faces where shown 
(t(29)=-0.46; p= 0.653). 
This effect was also tested with a logistic regression by trial with own-sex stimuli. 
Condition (eye contact/averted gaze), difficulty of the stimuli (assessed by the 
percentage of accuracy in naming in the pilot test), age, years of education, sex and 
MMSE score of the participant, were inserted as possible predictors for accuracy. This 
analysis showed that age of participant (B=-0.078; Wald=10.42; p=0.01), condition 
(B=0.56; Wald=4.38; p=0.036) and difficulty of the stimuli (B=0.035; Wald=6.22; p=0.01) 
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were predictors of accuracy but that years of education (p=0.43), sex (p=0.49) and 
MMSE scores (p=0.91) were not (table 3).  
 
Table 3 – Summary of logistic regression analysis for variables predicting accuracy in 
naming own-sex famous faces. 
Predictors β S.E. 
Wald’s 
 df p e
β 
Gaze direction 0.56 0.27 4.38 1 0.036 1.74 
MMSE 0.00 0.00 0.01 1 0.906 1.00 
Sex -0.22 0.32 0.47 1 0.493 0.80 
Stimuli difficulty (%) 0.04 0.01 6.22 1 0.013 1.04 
Age (years) -0.08 0.02 10.42 1 0.001 0.93 
Education (years) -0.04 0.06 0.62 1 0.430 0.96 
Model Coefficients:  χ2, 23.70; df, 6; p, 0.001 
 
Furthermore neither age, education, sex or MMSE score were predictors of the 
existence of an eye contact effect (calculated by participant, subtracting mean correct 
answers to own-sex stimuli in the averted gaze condition to the same in the eye contact 
condition) which was assessed by a linear regression (p=0.39; p=0.77; p=0.19; p=0.67 
respectively). 
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Figure 6 Difference in proportion of accuracy between own-sex and opposite-sex stimuli in the 
conditions of direct and averted gaze. *, p<0.05; n.s.- non significant. 
4.2.1.2. Reaction time 
Average reaction time for correct answers per participant was 2118.0 ± 619.0 ms. Given 
the amount of missing data due to lack of microphone detections, only the reaction time 
measured by the mouse click was used. No difference (t(29)=0.99; p= 0.33) was found 
between the condition of eye contact (2227.9±776.0 ms; N=30) and of averted gaze 
(2045.6±857.5 ms; N=30). The difference in reaction time using only own-sex trials, 
between the eye contact condition (2218.1±1242.1 ms; N=30) and the averted gaze 
condition (2083.9 ms ± 988.3; N=30) was not significant (t(29)=-0.48; p= 0.64). The 
difference between both conditions when analysing only trials in which opposite-sex 
faces where shown was also not significant (t(29)=-0.14; p= 0.89). 
* 
n.s. 
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4.2.2. Gaze direction and gender task 
Average accuracy per participant in the gaze direction task was 70.5 ± 14.1%. 
Comparisons across condition (eye contact/averted gaze) yielded no significant 
differences even when analysing only trials with own-sex or opposite-sex stimuli (table 
3). 
Average reaction time for correct answers per participant was 942.2 ± 290.0 ms. 
Although no general significant difference was found between conditions, or between 
conditions when analysing only own-sex stimuli, eye contact significantly reduced 
reaction time when analysing only opposite-sex trials (table 4).  
Table 4 Gaze direction task results 
 Eye Contact  Averted Gaze Statistics 
 Mean SD  Mean SD  
Accuracy (%) 73.6 18.2  67.5 18.4 t(28)=1.39; p= 0.18 
Own-sex  77.4 19.9  68.6 25.3 t(28)=1.27; p= 0.11 
Opposite-sex  70.2 24.0  68.3 18.9 t(28)=0.33; p= 0.74 
Reaction time (ms) 981.2 583.7  956.2 308.7 t(28)=0.22; p= 0.83 
Own-sex  976.5 593.2  978.7 497.5 t(28)=-0.02; p= 0.99 
Opposite-sex  863.1 314.0  982.7 339.1 t(27)=-2.34; p= 0.03 
 
In the gender discrimination task, average accuracy per participant was 88.9 ± 
12.3%. Comparisons across condition (eye contact/averted gaze) yielded one significant 
difference when analysing only trials with opposite-sex stimuli (table 5). 
Regarding reaction time (755.8 ± 246.9 ms), no significant difference was found 
(table 5). 
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Table 5 Gender task results 
 Eye Contact  Averted Gaze Statistics 
 Mean SD  Mean SD  
Accuracy (%) 86.8 16.5  90.9 11.2 t(28)=-1.69; p= 0.17 
Own-sex  89.5 17.7  88.8 13.6 t(28)=0.21; p= 0.84 
Opposite-sex  83.4 21.7  93.4 14.3 t(28)=-2.98; p= 0.01 
Reaction time (ms) 733.2 246.2  775.8 304.1 t(28)=-0.92; p= 0.37 
Own-sex  717.9 246.7  737.6 301.2 t(28)=-0.40; p= 0.69 
Opposite-sex  787.1 328.5  796.6 419.1 t(28)=-0.11; p= 0.92 
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5. Discussion 
 
This study showed in two different experiments, that eye contact has an effect on name 
retrieval. This effect is dependent of the interaction between the gender of the 
participant and the gender of the shown face, only existing for faces of the same sex as 
the participant.  
The eye contact facilitation on proper name retrieval is congruent with previous 
studies which have shown that eye contact enhances facial recognition and person 
perception [76, 82, 83]. Furthermore there is some overlap between brain regions which 
process gaze direction, having an enhanced activation for direct gaze, with regions 
known to be involved in recognition and naming of faces (fig. 8). 
Accordingly with the classic cognitive models, face recognition starts with a a) 
visual structural encoding, which is b) compared with already stored structures (all 
known familiar faces) existing in Face Recognition Units (FRUs), leading to c) the 
retrieval of Identity-specific semantic codes from person-identity nodes (PINs) and finally 
to d) proper name retrieval [95, 96]. In a similar trend to these models Haxby et al. [23] 
propose the neuronal basis for the different stages of face perception. 
 Haxby et al. [23] model of face recognition considers two systems for face 
perception, a) a core system composed by the inferior occipital gyrus (IOG), the FG and 
the STS, in which the latter two are responsible for an early processing of facial 
features, analysing invariant (visual structure and features) and variant aspects of the 
face (expression and emotion among others) respectively; and b) an extended system 
composed by the Intraparietal sulcus, Auditory cortex, Amygdala, Ins and limbic system, 
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and anterior temporal lobe, respectively responsible for processing spatial direction of 
attention, prelexical speech, emotion, and semantic information relative to the face 
(including name). This model is congruent with later findings [97] which have shown that 
the IOG, FG, STS, hippocampus, amygdala, inferior frontal gyrus and OFC are part of a 
network specialized in face perception and identification.  
From the core structures for face perception, both the FG and the STS are more 
activated for eye contact than for averted gaze [20-22, 31-37] (though as noted before, 
the STS in some studies shows a larger activation for averted gaze). Although identity 
recognition is thought to be dependent of the analysis of invariant features (FG), the 
STS might not be exclusively related with the analysis of expression and facial 
movement, existing a functional overlap between these structures [98] and a resting 
functional connectivity [99].  
From the extended system of face perception, the hippocampus, amygdala, and 
OFC have also been shown to have an enhanced activation for eye contact than for 
averted gaze [31, 32, 35, 36, 43, 48, 49]. The hippocampal region has been linked to the 
successful recognition of recent [100] and remote famous faces [101-103]. Naming 
faces may also require the involvement of structures related to their emotional nature, 
such as the OFC, ventromedial PFC and anterior cingulate [104]. Presentation of 
famous faces elicits an increased coupling between the FG and the OFC, while 
emotional faces increase the coupling between the FG and amygdala [105].  
  Damage to the amygdala has led to impairments in recognition tasks [106]. A 
psychiatric disorder linking the amygdala, facial recognition and gaze perception is the 
Capgras delusion. Patients with this rare syndrome believe that emotionally relevant 
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others have been replaced by imposters [107]. This may be due to an intact overt face 
recognition in the absence of an underlying covert system input [107]. These patients do 
not show the usual autonomic response to familiar faces [107, 108] which led Hirstein 
and Ramachandran [108] to propose a disconnection between face sensitive areas in 
the temporal lobe with areas of the limbic system, especially the amygdala. Interestingly 
the case described (DS) also showed impairment in analysing gaze direction. His gaze 
processing abnormalities may be related to the importance of the amygdala in gaze 
perception [35, 43, 48-51], familiarity perception [109, 110] and the effect of familiarity in 
gaze perception [111].  
 Due to the social saliency of eye contact, retrieving the name of a perceived face 
might be facilitated at the initial visual stage. This might account for the facilitation in 
reaction time in the first experiment. Nonetheless our results in the second experiment 
indicate an increase in accuracy but not in reaction time (as should be expected if this 
advantage was due to a faster visual face processing). In fact several participants 
showed access to the PINs and to semantic information pertaining to the famous faces, 
giving instead of the correct proper name other types of information (such as job, 
description of family among others).  
Since only famous faces known by each participant were included in our results, 
failure to produce their names probably corresponds to a failure at the retrieval process. 
Such failures are associated to the subjective feelings known as the Tip-of-the-tongue 
(ToT) phenomenon. The latter occurs when a person is temporarily unable to produce a 
word despite knowing it and even visualizing it [112]. In fact this state was often 
described by participants during the naming task - the feeling of knowing the name but 
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being incapable of producing it (e.g. “sei perfeitamente mas agora não sai” [I know it 
perfectly but now I cannot say it]). ToTs occur when there is access to both semantic 
and lexical information about the word, but not complete phonological retrieval [113]. 
The occurrence of this phenomenon increases with age [114, 115], being a source of 
concern and a frequent complaint in the elderly [86]. This age related decline seems to 
be disproportionately impaired for proper names [87, 116]. The increased rate in which 
proper names evoke ToTs may be related to the infrequent use of these names in the 
daily routine [113] or with the specific nature of these words. Proper names may act only 
as reference or token containing no description of the individual that it refers to [117]. 
While common names refer to categories, proper names only label a unique 
entity with a cluster of attributes that are not consistently seen together [118]. In this 
sense proper names’ attributes have a high probability of being together (e.g. dog – fur, 
four legs, barks) while in proper names attributes are incidentally together (e.g. Mariza – 
fado singer; short hair; blonde). Semenza et al [119] proposed that proper name 
retrieval would follow a different pathway than common names, which would also signify 
a different access to phonological forms. Shafto et al [120] have shown that age related 
increase in ToTs was correlated with grey matter atrophy in the left Ins, a relation that 
persisted even when the effect of age was removed from the analyses. Furthermore 
decline in tasks that did not need phonological retrieval were also correlated with age 
but not with left Ins atrophy. In a later study these findings were confirmed, with the left 
Ins showing a differential activation during ToTs in different age groups [121]. 
The difference in accuracy found in the present study, may be related to a 
facilitation in phonological retrieval, reducing the number of ToTs, which could be 
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mediated by the left Ins, a structure that shows an enhanced activation for eye contact 
[31, 33, 43]. 
Another possible explanation for the present results could be related to an 
automatic shift of attention in the same direction as the face’s eyes, in the condition of 
averted gaze. In fact small saccadic movements can occur in the direction of the gaze 
cue [122]. Nonetheless a shift of attention should lead not only to a difference in 
accuracy but also to slower reaction times, but in our results from Experiment II the 
opposite occurred. 
Since proper names are crucial for social interaction, but particularly so when 
someone is looking at us (indicating intent to engage in communication), in this situation 
remembering who that someone is and what is his/her name becomes a main concern. 
The interaction between sex of the participant and stimuli in the naming task was 
less expected. The effect of gender associated to eye contact modulation in different 
tasks is not often explored in the literature. Studies that evaluate this element generally 
do so in tasks with sexual relevance (gender discrimination, attractiveness evaluation) or 
manipulating attractiveness related variables [75, 123-125]. Contradicting the present 
results in the naming task, in these studies opposite-sex stimuli elicited a greater eye 
contact facilitation than own-sex stimuli (with the exception of Vuilleumier’s et al [75] 
study in which it was the averted gaze condition that facilitated the response). The 
interaction between sex of the perceiver and stimuli may depend upon context and type 
of task. In an evolutionary perspective, a naming task may be more communicative 
eliciting a less sexual related context, not requiring attribution of mating effort. In 
Conway et al [123] study, opposite-sex facilitation for eye contact occurred only in an 
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attractiveness task but not in a likeability task, which may indicate that eye contact 
facilitation for the opposite-sex occurs only in tasks with a sexual relevance.  
In tasks of face recognition an own-sex bias has already been shown [126], 
especially in women [127-131]. An fMRI study that analysed the effect of own-sex faces 
in a recognition task, found for this condition an increased activation of the left 
hippocampal region, right Ins, and left amygdala in the encoding stage [132].  
This facilitation, as well as the effect seen in our results, may be part of a more 
general own-group bias, already shown in tasks of facial recognition for own-age [133-
135] and own-race groups [136]. Several hypotheses have tried to explain this type of 
effect. The contact hypothesis proposes that people become experts in recognizing 
faces pertaining to a specific group (age, race or sex) due to the extent of contact with 
said group [137]. Although a correlation between facial recognition of different groups 
and contact time with them has consistently been found [136, 138], these variable only 
accounts for 2% of the variability found in an extensive meta-analysis regarding own-
race bias [136]. This hypothesis is further questioned in own-age bias studies, in which 
older people are better in recognizing own-age faces. In these cases an expertise for 
different age faces should have been acquired throughout life [134]. In a study using 
university affiliation to categorize in-groups and out-groups, recognition was enhanced 
for perceived in-group category even when controlling for expertise [139]. This is in 
agreement with a second hypothesis (although they are not mutually exclusive) in which 
faces are automatically categorized as belonging or not to our in-group [140, 141]. 
Testing these theories Harrisson and Hole [142] compared face recognition of children 
and adults photographs in a sample of undergraduates and trainee teachers. 
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Interestingly trainee teachers recognized children more quickly than own-age faces, 
showing that the in-group/out-group model does not generalize to this type of situations. 
The authors then propose that the in-group bias may be related to a higher motivation 
and interest to attend to categories of faces.  
Here we propose that this motivation in own-sex cases can be related to 
communicative intent.  
Evolutionarily, own-sex relationships seem to be advantageous, especially in 
females [143, 144]. In rhesus macaques this difference in communication, is expressed 
in vocalizations, in which females direct more of these towards other females than to 
males [144]. This preference for own-sex relationships is also present in humans [145, 
146], with the tendency for the majority of one’s social network to consist of members 
with the same gender. This tendency may be related to the need of intra-sexual 
cooperative relationships, which is further supported by the prevalence of smiling and 
laughter behaviours directed towards own-sex individuals [147].  
In our results the increased naming accuracy for eye contact in own-sex trials, 
may be related to the perception of intended communication in a group (members of the 
same sex) that already is privileged in human interaction. The perception of eye contact 
for this group may be selectively preferred. This may be based in social relevance 
filtered by the amygdala [148]. The amygdala may have evolved to process not only fear 
related stimuli, but to be a relevance detector in social and environmental situations 
[148]. It has already been shown to express different sex-related hemispheric 
lateralization in memory tasks for emotional material [149, 150]. Furthermore this 
difference in activation also depends of stimuli gender interaction, with the left amygdala 
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showing an increased activation for own-sex remembered fearful faces in women and in 
the right amygdala for own-sex remembered fearful faces in men [131].  
This communicative hypothesis linking own-group perception with differences in 
gaze direction, is congruent with findings showing that gaze following is also influenced 
by own-age bias [151]. In a similar trend to our results and in line with the proposed 
hypothesis is a study that shows that enhanced recognition for eye contact may also be 
found only in own-race faces [152].  
Although the eye contact effect on proper name retrieval is our main result, the 
other tasks also lead to interesting findings. The results of the gaze direction and gender 
discrimination tasks may seem contradictory, since one indicates that eye contact has a 
facilitator effect and the other an inhibitor effect, both of them for opposite-sex stimuli. 
Nonetheless they may be integrated, being consisted with other findings in the literature.   
Own-sex bias 
Figure 7 – Schematic representation of a) the network responsible for eye contact and the areas of 
this network that are also relevant for face processing and proper name retrieval (blue for exclusively 
eye contact processing and purple for eye contact as well as face and proper name retrieval 
processing); b) the areas involved in eye contact processing that show an own-sex bias in facial 
recognition tasks (orange). HC, hippocampus; AMG, amygdala 
a) b) 
Eye Contact/Face Processing 
Eye Contact 
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The facilitation in reaction time for eye contact descrimination in the gaze 
direction task is in agreement with the literature. Eye contact has consistently been 
verified to be more salient than averted gaze [153-156]. In the seminal work of von 
Grunau [153] eyes displaying eye contact were identified faster in an array of eyes in 
averted gaze than the reverse. In our results, although only one face is displayed at a 
time, the saliency of eye contact also leads to reduced reaction times relatively to 
averted gaze. Since in the present study we only used stimuli facing forward, we cannot 
exclude the possibility of this effect being due to the symmetry of the eye contact 
condition in these faces. Nonetheless, this is unlikely since several studies controlled for 
this effect using oriented faces as well as straight faces, and still found that eye contact 
was more salient [154, 156] (although one study only found this effect when the face 
was deviated but the eyes were looking forward [157]).  
The faster responses associated with eye contact may be related to a deeper 
processing of such faces and to a more effective attention allocation [154]. In an ERP 
study eye contact has been shown to elicit an enhanced N2pc and late positive 
components, which are associated with spatial ﬁltering of distracters, selecting socially 
relevant stimuli [154]. 
In the present study this effect was only found for opposite-sex stimuli, which may 
reflect that in this type of task, eye contact may be a more relevant cue. To our 
knowledge no other study as analysed in an explicit gaze direction task, the effect of 
gender of the participant in relation to gender of the perceived face. An exception is 
Jones et al [124] study, that did analyse this effect but only in conjunction with the 
manipulation of stimuli female or male sex-typical facial features. Despite this difference, 
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their results are congruent with ours; discrimination of eye contact is faster than averted 
gaze for opposite sex stimuli, but only when these faces display exaggerated sex-typical 
shape cues. Evolutionarily it may be advantageous for eye contact to be particularly 
salient in potential mates, and in this sense the more fit or attractive (which may be 
related with facial sex-typical features) the more important this becomes. 
Results in the gender discrimination task, in which eye contact lead to a reduced 
accuracy, were not expected. However, the effect of eye contact in gender 
categorization is not consistent across studies. Our results converge with those shown 
by Vuilleumier et al [75], in which participants were slower to categorize gender in the 
eye contact condition, particularly so with opposite-sex stimuli. Although our results 
express a difference in accuracy and not in reaction time this may be related to 
methodological differences such as exposure time of each stimulus. In our task faces 
only remained on screen 500 ms (vs. 3000 ms in their experiment), which may have led 
to an increased pressure to respond fast, sacrificing instead accuracy. As a matter of 
fact, despite the age difference between participants (mean age of 68 in our experiment 
and maximum of 30 years in theirs) our participants were faster in categorizing gender 
(about 800 ms versus 1000 ms).  
Another study shows opposite results, with eye contact facilitating gender 
discrimination [76]. Two differences may explain the discrepancy in the results, for one 
they did not display a condition where the eyes were averted but the face was frontal, 
and they did not compare differences between gender of the participant and gender of 
the stimuli.  
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It is not clear why eye contact in this task elicited a slower response, while both in 
the naming and gaze direction task eye contact acted as a facilitator. It may be possible 
that eye contact in a task that explicitly directs attention to gender, would lead to an 
allocation of more resources such as attention to the more salient faces, those in eye 
contact and opposite-sex (as seen in the gaze direction task). This task, possible less 
communicative and more sexually related, may favour a more extensive face processing 
and encoding, which can lead to a posterior improved retrieval of these more salient 
faces [76]. 
All these effects may be explained by the fast-track model [18]. This model 
considers most of the areas discussed before as responsible for gaze processing and 
important for different social behaviours. It also contemplates the different expressions 
of this effect, depending of task and context, via a task-relevant modulation by structures 
such as the dlPFC. Accordingly with the arousal model, the eye contact facilitation is 
due to its latent arousal value. In this case there should not be a gender difference 
facilitation for own-sex in one task and for opposite-sex in another.  
The ToM based theory, focuses on communicative intent and justifies why eye 
contact enhances proper name retrieval, contemplating all the ToM network areas that 
have been discussed above. Although this model is indeed a good fit for the first task it 
does not explain the other variations nor the gender effect seen in the other tasks.  
We acknowledge several limitations to this study. Firstly, the presentation of 
pictorial stimuli instead of live faces with eye contact. A previous study using ERP [158], 
has shown that early-stage processing of facial information is enhanced by perceived 
eye contact but only when it is seen in a live face. This may suggest that the true 
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extension of the eye contact effect, independently of task, can only be obtained when 
using eye contact or averted gaze in live faces. Furthermore due to the use of famous 
faces as stimuli it was not practical to include pictures with an oriented head displaying 
eye contact and averted gaze. This means that the displayed eye contact differs in basic 
features such as bilateral symmetry to the averted gaze making it harder to separate the 
effect of these two variables in the present results.  
Another limitation, relates to the lack of direct measure of reaction times recorded 
with the microphone. The method of extracting reaction times from the mouse clicks 
does not give accurate timings and therefore may introduce a bias in these results. 
Nonetheless our main results in this task where found in accuracy and not in reaction 
time, not affecting our conclusions. 
Future studies should evaluate the effect of eye contact in other socially relevant 
cognitive tasks and other forms of semantic retrieval as well as in other age groups. 
Furthermore the effect of own or opposite-sex should not be disregarded since it may be 
crucial to correctly interpret results. For instance if this variable was not analysed in the 
present study, no effect of gaze direction would be found, which was an inaccurate 
assumption. Given the human complexity in social interaction, different variables and 
contexts may be essential factors that give meaning to results and gender interaction 
has been shown in neuroimaging and behavioural studies to be one of these. 
An understanding of the relationship between gaze processing and semantic 
access may have significance in social and even clinical research. The ability to access 
proper names has an important social value, more so in older populations. The effects of 
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possible facilitators, such as eye contact could prove to be valuable in rehabilitation 
settings. For this purpose more investigation is needed.  
6. Conclusions 
This study has shown that eye contact is important in several tasks, modulating 
cognitive processes and behaviour. The effect of eye contact is also dependent of task 
demands and of own/opposite-sex interaction. The relevance of these factors in the 
effect of eye contact may be a by-product of the significance of eye contact in social 
interactions - different intents and values can be extracted from someone looking at us 
depending on the context (in this case task) and who the person is. Someone of the 
opposite sex looking at us in a bar will certainly be interpreted differently than a co-
worker of the same sex looking at us in the street.  
The facilitation on proper name retrieval for own-sex faces may be related to a 
predisposition to recognize own-sex faces faster or more accurately. This own-sex 
preference may rely on a general communicative preference for people of the same sex, 
since our social networks and our closest relationships are frequently composed by a 
majority of people with the same sex. 
 In tasks less directly communicative, there can be a different attribution to the 
expression of eye contact, leading to an effect of opposite-sex instead of own-sex. In 
these tasks eye contact facilitated gaze direction judgement but led to more errors in 
gender discrimination for opposite-sex faces.  
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The specific importance of facilitator factors for proper name retrieval in this age 
group cannot be disregarded. This skill is crucial for communication and declines with 
age, becoming a distressful cognitive complaint in the elderly. 
To our knowledge, no other study as compared gender differences for eye 
contact in this age group. The modulatory effects of eye contact seem to be maintained 
with age, and with similar results than in other age groups. Further studies should be 
performed to replicate the findings in the naming task in different ages. 
  
 
 
53 
 
7. Bibliography 
1. Leakey R, Lewin R. Origins reconsidered: In search of what makes us human. London: 
Abacus; 1992. 
2. Baron-Cohen S. The eye direction detector (EDD) and the shared attention mechanism 
(SAM): two cases for evolutionary psychology. In: Moore C, Dunham PJ, editors. Joint 
Attention: Its Origins and Role in Development: Lawrence Erlbaum; 1995. p. 41-59. 
3. Itier RJ, Batty M. Neural bases of eye and gaze processing: the core of social cognition. 
Neuroscience and Biobehavioral Reviews. 2009;33:843-63. 
4. Dunbar RIM. The social brain hypothesis. Evolutionary Anthropology. 1998;6:178-90. 
5. Emery NJ. The eyes have it: the neuroethology, function and evolution of social gaze. 
Neuroscience and Biobehavioral Reviews. 2000;24:581-604. 
6. Kobayashi H, Kohshima S. Unique morphology of the human eye and its adaptive 
meaning: comparative studies on external morphology of the primate eye. Journal of Human 
Evolution. 2001;40:419-35. 
7. Perrett DI, Hietanen JK, Oram MW, Benson PJ. Organization and functions of cells 
responsive to faces in the temporal cortex. Philosophical transactions of the Royal Society of 
London Series B, Biological sciences. 1992;335:23-30. 
8. Langton SR. The mutual influence of gaze and head orientation in the analysis of social 
attention direction. The Quarterly Journal of Experimental Psychology. 2000;53:825-45. 
9. D'Entremont B. A demonstration of gaze following in 3- to 6-month-olds. Infant Behavior 
and Development. 1997;20:569-72. 
10. Tomasello M, Farrar MJ. Joint attention and early language. Child development. 
1986;57:1454-63. 
11. Morales M, Mundy P, Rojas J. Following the direction of gaze and language development 
in 6-month-olds. Infant Behavior and Development. 1998;21(2):373-7. 
12. Brooks R, Meltzoff AN. Infant gaze following and pointing predict accelerated 
vocabulary growth through two years of age: a longitudinal, growth curve modeling study. 
Journal of Child Language. 2008;35:207-20. 
13. Baron-Cohen S. Mindblindness: An essay on autism and theory of mind: MIT Press; 
1995. 
 
 
54 
 
14. Premack D, Woodruff G. Does the chimpanzee have a theory of mind. Behavioral and 
Brain sciences. 1978;1:515-26. 
15. Adolphs R. The social brain: neural basis of social knowledge. Annual review of 
psychology. 2009;60:693-716. 
16. Johnson MH, Griffin R, Csibra G, Halit H, Farroni T, de Haan M, et al. The emergence of 
the social brain network: evidence from typical and atypical development. Development and 
psychopathology. 2005;17:599-619. 
17. Adolphs R. Cognitive neuroscience of human social behaviour. Nature reviews 
Neuroscience. 2003;4:165-78. 
18. Senju A, Johnson MH. The eye contact effect: mechanisms and development. Trends in 
cognitive sciences. 2009;13:127-34. 
19. Nummenmaa L, Passamonti L, Rowe J, Engell AD, Calder AJ. Connectivity analysis 
reveals a cortical network for eye gaze perception. Cerebral cortex. 2010;20:1780-7. 
20. Pageler NM, Menon V, Merin NM, Eliez S, Brown WE, Reiss AL. Effect of head 
orientation on gaze processing in fusiform gyrus and superior temporal sulcus. Brain Research. 
2003;20:318 -29. 
21. Calder AJ, Lawrence AD, Keane J, Scott SK, Owen AM, Christoffels I, et al. Reading the 
mind from eye gaze. Neuropsychologia. 2002;40:1129-38. 
22. George N, Driver J, Dolan RJ. Seen gaze-direction modulates fusiform activity and its 
coupling with other brain areas during face processing. NeuroImage. 2001;13:1102-12. 
23. Haxby J, Hoffman E, Gobbini M. The distributed human neural system for face 
perception. Trends in cognitive sciences. 2000;4:223-33. 
24. Hoffman EA, Haxby JV. Distinct representations of eye gaze and identity in the 
distributed human neural system for face perception. Nature neuroscience. 2000;3:80-4. 
25. Kanwisher N, Yovel G. The fusiform face area: a cortical region specialized for the 
perception of faces. Philosophical transactions of the Royal Society of London Biological 
Sciences. 2006;361:2109-28. 
26. Allison T, Puce A, McCarthy G. Social perception from visual cues: role of the STS 
region. Trends in cognitive sciences. 2000;4:267-78. 
27. Puce A, Allison T, Bentin S, Gore JC, McCarthy G. Temporal cortex activation in 
humans viewing eye and mouth movements. The Journal of Neuroscience. 1998;18:2188-99. 
 
 
55 
 
28. Laube I, Kamphuis S, Dicke PW, Thier P. Cortical processing of head- and eye-gaze cues 
guiding joint social attention. NeuroImage. 2011;54:1643-53. 
29. Hooker CI, Paller KA, Gitelman DR, Parrish TB, Mesulam M, Reber PJ. Brain networks 
for analyzing eye gaze. Cognitive Brain Research. 2003;17:406-18. 
30. Calder A, Beaver J, Winston J, Dolan R, Jenkins R, Eger E, et al. Separate coding of 
different gaze directions in the superior temporal sulcus and inferior parietal lobule. Current 
Biology. 2007;17:20-5. 
31. Schilbach L, Wohlschlaeger AM, Kraemer NC, Newen A, Shah NJ, Fink GR, et al. Being 
with virtual others: Neural correlates of social interaction. Neuropsychologia. 2006;44:718-30. 
32. Conty L, N'Diaye K, Tijus C, George N. When eye creates the contact! ERP evidence for 
early dissociation between direct and averted gaze motion processing. Neuropsychologia. 
2007;45:3024-37. 
33. Ethofer T, Gschwind M, Vuilleumier P. Processing social aspects of human gaze: a 
combined fMRI-DTI study. NeuroImage. 2011;55:411-9. 
34. Pelphrey Ka, Viola RJ, McCarthy G. When strangers pass: processing of mutual and 
averted social gaze in the superior temporal sulcus. Psychological science. 2004;15:598-603. 
35. Wicker B, Perrett DI, Baron-Cohen S, Decety J. Being the target of another's emotion: a 
PET study. Neuropsychologia. 2003;41:139-46. 
36. Bristow D, Rees G, Frith CD. Social interaction modifies neural response to gaze shifts. 
Social cognitive and affective neuroscience. 2007;2:52-61. 
37. Kuzmanovic B, Georgescu AL, Eickhoff SB, Shah NJ, Bente G, Fink GR, et al. Duration 
matters: dissociating neural correlates of detection and evaluation of social gaze. NeuroImage. 
2009;46:1154-63. 
38. Engell AD, Haxby JV. Facial expression and gaze-direction in human superior temporal 
sulcus. Neuropsychologia. 2007;45:3234-41. 
39. Sato W, Kochiyama T, Uono S, Yoshikawa S. Time course of superior temporal sulcus 
activity in response to eye gaze: a combined fMRI and MEG study. Social cognitive and affective 
neuroscience. 2008;3:224-32. 
40. Kampe KKW, Frith CD, Frith U. "Hey John": signals conveying communicative intention 
toward the self activate brain regions associated with "mentalizing," regardless of modality. The 
Journal of Neuroscience. 2003;23:5258-63. 
 
 
56 
 
41. Amodio DM, Frith CD. Meeting of minds: the medial frontal cortex and social cognition. 
Nature reviews Neuroscience. 2006;7:268-77. 
42. Bechara A, Damasio H, Damasio AR. Emotion, Decision making and the Orbitofrontal 
cortex. Cerebral Cortex. 2000;10:295-307. 
43. Kawashima R, Sugiura M, Kato T, Nakamura A, Hatano K, Ito K, et al. The human 
amygdala plays an important role in gaze monitoring. A PET study. Brain. 1999;122:779-83. 
44. Grosbras M-H, Laird AR, Paus T. Cortical regions involved in eye movements, shifts of 
attention, and gaze perception. Human brain mapping. 2005;25:140-54. 
45. Marien P, Engelborghs S, Fabbro F, De Deyn PP. The lateralized linguistic cerebellum: a 
review and a new hypothesis. Brain and language. 2001;79:580-600. 
46. Stoodley CJ, Schmahmann JD. Evidence for topographic organization in the cerebellum 
of motor control versus cognitive and affective processing. Cortex. 2010;46(10):831-44. 
47. Baillieux H, De Smet HJ, Paquier PF, De Deyn PP, Mariën P. Cerebellar neurocognition: 
insights into the bottom of the brain. Clinical neurology and neurosurgery. 2008;110:763-73. 
48. Sato W, Yoshikawa S, Kochiyama T, Matsumura M. The amygdala processes the 
emotional significance of facial expressions: an fMRI investigation using the interaction between 
expression and face direction. NeuroImage. 2004;22:1006-13. 
49. Conty L, Grèzes J. Look at me, I'll remember you. Human Brain Mapping. 2011;000:n/a-
n/a. 
50. Hadjikhani N, Hoge R, Snyder J, de Gelder B. Pointing with the eyes: the role of gaze in 
communicating danger. Brain and cognition. 2008;68:1-8. 
51. Straube T, Langohr B, Schmidt S, Mentzel H-J, Miltner WHR. Increased amygdala 
activation to averted versus direct gaze in humans is independent of valence of facial expression. 
NeuroImage. 2010;49:2680-6. 
52. Adams RB, Gordon HL, Baird Aa, Ambady N, Kleck RE. Effects of gaze on amygdala 
sensitivity to anger and fear faces. Science. 2003;300:1536. 
53. Straube B, Green A, Jansen A, Chatterjee A, Kircher T. Social cues, mentalizing and the 
neural processing of speech accompanied by gestures. Neuropsychologia. 2010;48:382-93. 
54. Hoffman KL, Gothard KM, Schmid MC, Logothetis NK. Facial-expression and gaze-
selective responses in the monkey amygdala. Current biology. 2007;17:766-72. 
 
 
57 
 
55. Spezio ML, Huang P-YS, Castelli F, Adolphs R. Amygdala damage impairs eye contact 
during conversations with real people. The Journal of Neuroscience. 2007;27:3994-7. 
56. Muscatell KA, Addis DR, Kensinger EA. Self-involvement modulates the effective 
connectivity of the autobiographical memory network. Soc Cogn Affect Neurosci. 2010 
Mar;5(1):68-76. 
57. Nummenmaa L, Calder AJ. Neural mechanisms of social attention. Trends in cognitive 
sciences. 2009;13:135-43. 
58. Association AP. Diagnostic and statistical manual of mental disorders (4th ed.). 
Washington, DC: American Psychiatric Association; 1994. 
59. Grice S, Halit H, Farroni T, Baroncohen S, Bolton P, Johnson M. Neural Correlates of 
Eye-Gaze Detection in Young Children with Autism. Cortex. 2005;41:342-53. 
60. Nichols KA, Champness BG. Eye gaze and the GSR. Journal of Experimental Social 
Psychology. 1971;7:623-6. 
61. Helminen TM, Syrjälä SM, Hietanen JK. Eye contact and arousal: The effects of stimulus 
duration. Biological Psychology. 2011;88:124-30. 
62. Hietanen JK, Leppänen JM, Peltola MJ, Linna-Aho K, Ruuhiala HJ. Seeing direct and 
averted gaze activates the approach-avoidance motivational brain systems. Neuropsychologia. 
2008;46:2423-30. 
63. Livingstone M, Hubel D. Segregation of form, color, movement, and depth: anatomy, 
physiology, and perception. Science. 1988;240:740-9. 
64. Johnson MH. Subcortical face processing. Nature reviews Neuroscience. 2005;6:766-74. 
65. Vuilleumier P, Armony JL, Driver J, Dolan RJ. Distinct spatial frequency sensitivities for 
processing faces and emotional expressions. Nature neuroscience. 2003;6:624-31. 
66. de Heering A, Turati C, Rossion B, Bulf H, Goffaux V, Simion F. Newborns' face 
recognition is based on spatial frequencies below 0.5 cycles per degree. Cognition. 
2008;106:444-54. 
67. Farroni T, Csibra G, Simion F, Johnson MH. Eye contact detection in humans from birth. 
Proceedings of the National Academy of Sciences of the United States of America. 
2002;99:9602-5. 
68. Hardee JE, Thompson JC, Puce A. The left amygdala knows fear: laterality in the 
amygdala response to fearful eyes. Social cognitive and affective neuroscience. 2008;3:47-54. 
 
 
58 
 
69. Henderson JM, Williams CC, Falk RJ. Eye movements are functional during face 
learning. Memory & cognition. 2005;33:98-106. 
70. Itier RJ, Villate C, Ryan JD. Eyes always attract attention but gaze orienting is task-
dependent: evidence from eye movement monitoring. Neuropsychologia. 2007;45:1019-28. 
71. Schyns PG, Bonnar L, Gosselin F. Show me the features! Understanding recognition from 
the use of visual information. Psychological science. 2002;13:402-9. 
72. Schyns PG, Petro LS, Smith ML. Dynamics of visual information integration in the brain 
for categorizing facial expressions. Current Biology. 2007;17:1580-5. 
73. Vinette C, Gosselin F, Schyns P. Spatio-temporal dynamics of face recognition in a flash: 
itʼs in the eyes. Cognitive Science. 2004;28:289-301. 
74. Batki A, Baron-Cohen S, Wheelwright S, Connellan J, Ahluwalia J. Is there an innate 
gaze module? Evidence from human neonates. Infant Behavior and Development. 2000;23:223-9. 
75. Vuilleumier P, George N, Lister V, Armony J, Driver J. Effects of perceived mutual gaze 
and gender on face processing and recognition memory. Visual Cognition. 2005;12:85-101. 
76. Macrae CN, Hood BM, Milne AB, Rowe AC, Mason MF. Are You Looking at Me? Eye 
Gaze and Person Perception. Psychological Science. 2002;13:460-4. 
77. Adams RB, Kleck RE. Effects of direct and averted gaze on the perception of facially 
communicated emotion. Emotion. 2005;5:3-11. 
78. Strick M, Holland RW, van Knippenberg A. Seductive eyes: attractiveness and direct 
gaze increase desire for associated objects. Cognition. 2008;106:1487-96. 
79. Kampe KK, Frith CD, Dolan RJ, Frith U. Reward value of attractiveness and gaze. 
Nature. 2001;413:589. 
80. Kloth N, Altmann CS, Schweinberger SR. Facial attractiveness biases the perception of 
eye contact. Quarterly journal of experimental psychology. 2011:37-41. 
81. Farroni T, Massaccesi S, Menon E, Johnson MH. Direct gaze modulates face recognition 
in young infants. Cognition. 2007;102:396-404. 
82. Smith AD, Hood BM, Hector K. Eye remember you two: gaze direction modulates face 
recognition in a developmental study. Developmental science. 2006;9:465-72. 
83. Hood BM, Macrae CN, Cole-Davies V, Dias M. Eye remember you: the effects of gaze 
direction on face recognition in children and adults. Developmental Science. 2003;6:67-71. 
 
 
59 
 
84. Mason M, Hood B, Macrae CN. Look into my eyes: Gaze direction and person memory. 
Memory. 2004;12:637-43. 
85. Weaver Cargin J, Collie a, Masters C, Maruff P. The nature of cognitive complaints in 
healthy older adults with and without objective memory decline. Journal of clinical and 
experimental neuropsychology. 2008;30:245-57. 
86. Martins IP, Mares I, Stilwell PA. How subjective are subjective language complaints. 
European Journal of Neurology. 2012:no-no. 
87. Evrard M. Ageing and Lexical Access to Common and Proper Names in Picture Naming. 
Brain and Language. 2002;81:174-9. 
88. James LE, Fogler KA, Tauber SK. Recognition memory measures yield disproportionate 
effects of aging on learning face-name associations. Psychology and aging. 2008;23:657-64. 
89. Martins IP, Loureiro C, Rodrigues S, Dias B, Slade P. Factors affecting the retrieval of 
famous names. Neurological sciences. 2010;31:269-76. 
90. Gallegos DR, Tranel D. Positive facial affect facilitates the identification of famous faces. 
Brain and language. 2005;93:338-48. 
91. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for 
grading the cognitive state of patients for the clinician. Journal of psychiatric research. 
1975;12:189-98. 
92. Guerreiro M, Silva AP, Botelho MA, Leitão O, Castro-Caldas A, Garcia C. Adaptação à 
população portuguesa da tradução do “Mini Mental State Examination” (MMSE). Revista 
Portuguesa de Neurologia. 1994;1:9-10. 
93. Goodman LR, Phelan HL, Johnson SA. Sex differences for the recognition of direct 
versus averted gaze faces. Memory. 2012:1-11. 
94. Martins IP, Loureiro C, Rodrigues S, Dias B. Nomeação de faces famosas: Capacidade de 
evocação de nomes próprios numa amostra populacional Portuguesa. Psicologia, Educação e 
Cultura. 2005;9(2):421-36. 
95. Bruce V, Young A. Understanding face recognition. British Journal of Psychology. 1986; 
77:305-27. 
96. Burton AM, Bruce V, Johnston AR. Understanding face recognition with an interactive 
activation model. British Journal of Psychology. 1990;81:361-80. 
 
 
60 
 
97. Ishai A, Schmidt CF, Boesiger P. Face perception is mediated by a distributed cortical 
network. Brain research bulletin. 2005;67:87-93. 
98. Fox CJ, Moon SY, Iaria G, Barton JJS. The correlates of subjective perception of identity 
and expression in the face network: an fMRI adaptation study. NeuroImage. 2009;44:569-80. 
99. McCarthy G, Norman-Haignere SV, Turk-Browne NB. Face-Specific Resting Functional 
Connectivity between the Fusiform Gyrus and Posterior Superior Temporal Sulcus. Frontiers in 
human neuroscience. 2010;4. 
100. Haist F, Gore JB, Mao H. Consolidation of human memory over decades revealed by 
functional magnetic resonance imaging. Nature neuroscience. 2001;4(11):1139-45. 
101. Bernard Fa, Bullmore ET, Graham KS, Thompson Sa, Hodges JR, Fletcher PC. The 
hippocampal region is involved in successful recognition of both remote and recent famous faces. 
NeuroImage. 2004;22:1704-14. 
102. Douville K, Woodard JL, Seidenberg M, Miller SK, Leveroni CL, Nielson KA, et al. 
Medial temporal lobe activity for recognition of recent and remote famous names: an event-
related fMRI study. Neuropsychologia. 2005;43(5):693-703. 
103. Nielson KA, Seidenberg M, Woodard JL, Durgerian S, Zhang Q, Gross WL, et al. 
Common neural systems associated with the recognition of famous faces and names: an event-
related fMRI study. Brain and cognition. 2010;72:491-8. 
104. Damasio H, Tranel D, Grabowski T, Adolphs R, Damasio a. Neural systems behind word 
and concept retrieval. Cognition. 2004;92:179-229. 
105. Fairhall SL, Ishai A. Effective connectivity within the distributed cortical network for 
face perception. Cerebral cortex. 2007;17:2400-6. 
106. Aggleton JP, Shaw C. Amnesia  and recognition memory: A  re-analysis  of psychometric  
data Neuropsychologia. 1996;34( 1): 51-62. 
107. Ellis HD, Young AW. Accounting for delusional misidentifications. The British Journal 
of Psychiatry. 1990;157:239-48. 
108. Hirstein W, Ramachandran VS. Capgras syndrome: a novel probe for understanding the 
neural representation of the identity and familiarity of persons. Proceedings Biological sciences / 
The Royal Society. 1997;264:437-44. 
109. Gobbini IM, Leibenluft E, Santiago N, Haxby JV. Social and emotional attachment in the 
neural representation of faces. NeuroImage. 2004;22(4):1628-35. 
 
 
61 
 
110. Leibenluft E, Gobbini MI, Harrison T, Haxby JV. Mothers' neural activation in response 
to pictures of their children and other children. Biological psychiatry. 2004;56(4):225-32. 
111. Teske JA. Seeing Her Looking at You: Acquaintance and Variation in the Judgment of 
Gaze Depth. American Journal of Psychology. 1988;101:239. 
112. Brown R, Mcneill D. The " Tip of the Tongue " Phenomenon. Word Journal Of The 
International Linguistic Association. 1966;7. 
113. Burke DM, MacKay DG, Worthley JS, Wade E. On the tip of the tongue: What causes 
word finding failures in young and older adults?  Journal of Memory and Language: Elsevier; 
1991. p. 542-79. 
114. Heine MK, Ober BA, Shenaut GK. Naturally occurring and experimentally induced tip-
of-the-tongue experiences in three adult age groups. Psychology and aging. 1999;14:445-57. 
115. Burke DM, Shafto MA. Aging and Language Production. Current directions in 
psychological science. 2004;13(1):21-4. 
116. Rastle KG, Burke DM. Priming the Tip of the Tongue: Effects of Prior Processing on 
Word Retrieval in Young and Older Adults. Journal of Memory and Language. 1996;35(4):586-
605. 
117. Semenza C. The Neuropsychology of Proper Names. Mind. 2009;24:347-69. 
118. Semenza C, Zettin M, Borgo F. Names and identification: An access problem. Neurocase. 
1998;4(1):45-53. 
119. Semenza C. Retrieval pathways for common and proper names. Cortex. 2006;42:884-91. 
120. Shafto MA, Burke DM, Stamatakis EA, Tam PP, Tyler LK. On the tip-of-the-tongue: 
neural correlates of increased word-finding failures in normal aging. Journal of cognitive 
neuroscience. 2007;19:2060-70. 
121. Shafto MA, Stamatakis EA, Tam PP, Tyler LK. Word Retrieval Failures in Old Age : The 
Relationship between Structure and Function. Journal of Cognitive Neuroscience. 2009:1530-40. 
122. Mansfield E, Farroni T, Johnson M. Does gaze perception facilitate overt orienting? 
Visual Cognition. 2003;10(1):7-14. 
123. Conway CA, Jones BC, DeBruine LM, Little AC. Evidence for adaptive design in human 
gaze preference. Proceedings of the Royal Society B: Biological Sciences. 2008 January 7, 
2008;275(1630):63-9. 
 
 
62 
 
124. Jones BC, Main JC, DeBruine LM, Little AC, Welling LLM. Reading the Look of Love: 
Sexually Dimorphic Cues in Opposite-Sex Faces Influence Gaze Categorization. Psychological 
Science. 2010;21(6):796-8. 
125. Mason MF, Tatkow EP, Macrae CN. The Look of Love. Psychological Science. [Article]. 
2005;16(3):236-9. 
126. Wright D. An own gender bias and the importance of hair in face recognition. Acta 
Psychologica. 2003;114:101-14. 
127. Rehnman J, Herlitz A. Higher face recognition ability in girls: Magnified by own-sex and 
own-ethnicity bias. Memory. 2006;14(3):289-96. 
128. Cross J, Cross J, Daly J. Sex, race, age, and beauty as factors in recognition of faces. 
Attention, Perception, & Psychophysics. 1971;10(6):393-6. 
129. Megreya AM, Bindemann M, Havard C. Sex differences in unfamiliar face identification: 
Evidence from matching tasks. Acta Psychologica. 2011;137(1):83-9. 
130. Lewin C, Herlitz A. Sex differences in face recognition—Women’s faces make the 
difference. Brain and cognition. 2002;50(1):121-8. 
131. Armony JL, Sergerie K. Own-sex effects in emotional memory for faces. Neuroscience 
letters. 2007;426:1-5. 
132. Ino T, Nakai R, Azuma T, Kimura T, Fukuyama H. Gender differences in brain activation 
during encoding and recognition of male and female faces. Brain imaging and behavior. 
2010;4:55-67. 
133. Wright DB, Stroud JN. Age differences in lineup identification accuracy: people are 
better with their own age. Law and Human Behaviour. 2002 Dec;26(6):641-54. 
134. Anastasi J, Rhodes M. An own-age bias in face recognition for children and older adults. 
Psychonomic bulletin & review. 2005;12(6):1043-7. 
135. Wiese H, Schweinberger SR, Hansen K. The age of the beholder: ERP evidence of an 
own-age bias in face memory. Neuropsychologia. 2008 Oct;46(12):2973-85. 
136. Meissner Ca, Brigham JC. Thirty years of investigating the own-race bias in memory for 
faces: A meta-analytic review. Psychology, Public Policy, and Law. 2001;7:3-35. 
137. Chiroro P, Valentine T. An Investigation of the Contact Hypothesis of the Own-race Bias 
in Face Recognition. The Quarterly Journal of Experimental Psychology Section A. 1995 
1995/11/01;48(4):879-94. 
 
 
63 
 
138. Wright DB, Boyd CE, Tredoux CG. Inter-racial contact and the own-race bias for face 
recognition in South Africa and England. Applied Cognitive Psychology. 2003;17(3):365-73. 
139. Bernstein MJ, Young SG, Hugenberg K. The Cross-Category Effect: Mere Social 
Categorization Is Sufficient to Elicit an Own-Group Bias in Face Recognition. Psychological 
Science. [Article]. 2007;18(8):706-12. 
140. Sporer SL. Recognizing faces of other ethnic groups: An integration of theories. 
Psychology Public Policy and Law. 2001;7:36-97. 
141. Levin DT. Classifying faces by race: The structure of face categories. Journal Of 
Experimental Psychology Learning Memory And Cognition. 1996;22:1364-82. 
142. Harrison V, Hole GJ. Evidence for a contact-based explanation of the own-age bias in 
face recognition. Psychonomic bulletin & review. 2009;16:264-9. 
143. Langergraber K, Mitani J, Vigilant L. Kinship and social bonds in female chimpanzees 
(Pan troglodytes). American journal of primatology. 2009;71:840-51. 
144. Greeno NC, Semple S. Sex differences in vocal communication among adult rhesus 
macaques. Evolution and Human Behavior. 2009;30:141-5. 
145. Dunbar RIM, Spoors M. Social networks, support cliques, and kinship. Human Nature. 
1995;6:273-90. 
146. Bastani S. Family comes first: Men's and women's personal networks in Tehran. Social 
Networks. 2007;29:357-74. 
147. Mehu M, Dunbar RIM. Naturalistic observations of smiling and laughter in human group 
interactions. Behaviour. 2008;145:1747-80. 
148. Sander D, Grafman J, Zalla T. The human amygdala: an evolved system for relevance 
detection. Reviews Neuroscience. 2003;14(4):303-16. 
149. Cahill L, Haier RJ, White NS, Fallon J, Kilpatrick L, Lawrence C, et al. Sex-related 
difference in amygdala activity during emotionally influenced memory storage. Neurobiology of 
Learning and Memory. 2001 Jan;75(1):1-9. 
150. Cahill L, Uncapher M, Kilpatrick L, Alkire MT, Turner J. Sex-related hemispheric 
lateralization of amygdala function in emotionally influenced memory: an FMRI investigation. 
Learning and Memory. 2004 May-Jun;11(3):261-6. 
 
 
64 
 
151. Slessor G, Laird G, Phillips LH, Bull R, Filippou D. Age-Related Differences in Gaze 
Following: Does the Age of the Face Matter? The Journals of Gerontology Series B: 
Psychological Sciences and Social Sciences. 2010;65B(5):536-41. 
152. Adams RB, Pauker K, Weisbuch M. Looking the Other Way: The Role of Gaze Direction 
in the Cross-race Memory Effect. J Exp Soc Psychol. 2010 Mar 1;46(2):478-81. 
153. von Grunau M, Anston C. The detection of gaze direction: a stare-in-the-crowd effect. 
Perception. 1995;24(11):1297-313. 
154. Doi H, Ueda K, Shinohara K. Neural correlates of the stare-in-the-crowd effect. 
Neuropsychologia. 2009;47(4):1053-60. 
155. Palanica A, Itier RJ. Searching for a perceived gaze direction using eye tracking. Journal 
of Vision. 2011;11:1-13. 
156. Senju A, Hasegawa T, Tojo Y. Does perceived direct gaze boost detection in adults and 
children with and without autism? The stare-in-the-crowd effect revisited. Visual Cognition. 
2005;12:1474-96. 
157. Conty L, Tijus C, Hugueville L, Coelho E, George N. Searching for asymmetries in the 
detection of gaze contact versus averted gaze under different head views: a behavioural study. 
Spatial vision. 2006;19:529-45. 
158. Pönkänen LM, Alhoniemi A, Leppänen JM, Hietanen JK. Does it make a difference if I 
have an eye contact with you or with your picture? An ERP study. Social cognitive and affective 
neuroscience. 2010:486-94. 
 
 
